Monthly fields of latent heat flux and surface solar irradiance derived from spaceborne sensors were combined to estimate the surface thermal forcing on the tropical Pacific from 1980 to 1983. The annual cycle and the anomalies associated with 1982-1983 E1 Nifio-Southern Oscillation episode were examined. Along the equator and during the early phase of the episode the reduction of solar irradiance into the ocean is found to be compensated to some extent by the decrease in evaporative cooling. The distribution of correlation coefficients demonstrated that outside the equatorial waveguides, surface thermal forcing plays a significant role in the seasonal change of sea surface temperature and surface solar irradiance is main driving force. Significant correlation is also found between anomalous latent heat flux and anomalous change of sea surface temperature over a broad area in the equatorial and southern tropical Pacific, indicating that surface thermal forcing may play a larger role than expected in the anomalous sea surface temperature change, particularly in the reestablishment of the cold tongue at end of the episode. Using the data from THEP, we will examine the variability of solar irradiance, latent heat flux, their sum (an approximation of the net surface flux), and their relation with the seasonal and interannual changes of SST. The latent heat flux study area covers the region 30øN to 30øS and 140øE to 80øW. Because only one geostationary satellite was available for this study, solar irradiance and the sum with latent heat flux were limited to 180 ø to 80øW. The period analyzed extended from
INTRODUCTION
The E1Nifio-Southern Oscillation (ENSO) phenomenon is one of the most prominent climatic signals in time scales from a few months to a few years. An important manifestation is the ocean surface warming in the central and eastern equatorial Pacific with far-reaching economic and ecologic impacts. Over the tropical Pacific, atmospheric models are found to be sensitive to even small changes of sea surface temperature (SST) [e.g., Palmer and Mansfield, 1984] . Understanding the physical mechanism responsible for sea surface temperature variability is a major objective of the decade long Tropical Ocean and Global Atmosphere (TOGA) program.
Changes in SST are governed largely by the balance of surface heat flux, heat advection, and turbulent heat transport in the ocean. The relative importance of these processes in the heat balance may vary depending on the time scale and region. Wyrtki [ 1981] suggested that in the eastern Pacific on annual and interannual time scales, the dominant processes maintaining the cold tongue are upwelling and horizontal advection. Mass changes associated with horizontal advection and sinking thermocline during ENSO episodes have been observed at selected locations [e.g., Halpern, 1987] , and the heat storage rate associated with SST change is found to be different from that associated with the change of thermocline. By defining the depth of the mixed layer to the depth of a fixed isotherm, Stevenson and Niiler [1983] eliminated the effect of diabatic processes associated with thermocline displacement and found that in the central tropical Pacific, surface heat flux plays a large role in the seasonal evolution of SST and ocean mixed layer heat storage. Using a similar method, Meyers et al. [1986] showed that surface heat flux is well correlated, both in time and magnitude, with the change of mixed layer heat storage and Copyright 1990 by the American Geophysical Union.
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0148-0227/90/90J C-00191 $05.00 that evaporative heat loss plays a major role in the cooling during an ENSO episode in the western tropical Pacific. Earlier studies [e.g., Leetmaa, 1983; Reed, 1985 ] also demonstrated the good correlation between surface heat flux and seasonal change of SST at a few locations in the eastern tropical Pacific. However, the examination of surface thermal forcing on SST change over large areas and in annual and interannual time scales was handicapped by inadequate data in the past.
Until now the thermal forcings were derived from meteorological reports from merchant ships and fishing vessels whose distribution is inadequate to describe the monthto-month variability. Satellite sensors can provide basinwide coverage from days to years. Polar-and nearpolar-orbiting satellites, for example, are able to observe the entire globe, and the repetitiveness of geostationary satellites is suitable for recording rapidly varying processes. The TOGA Heat Exchange Project (THEP) is a research effort initiated to derive the surface solar irradiance and the latent heat flux (the two dominant variable components of surface thermal forcing in the tropical oceans) using a combination of satellite data and taking advantage of recent developments in processing algorithms [Liu and Niiler, 1985] . Surface solar irradiance, for example, can be obtained by using geostationary satellite visible data and applying an algorithm developed by Gautier et al. [1980] . The latent heat flux, on the other hand, can be derived by employing data from a spaceborne microwave radiometer and applying a procedure developed by Liu [1988] .
Using the data from THEP, we will examine the variability of solar irradiance, latent heat flux, their sum (an approximation of the net surface flux), and their relation with the seasonal and interannual changes of SST. The latent heat flux study area covers the region 30øN to 30øS and 140øE to 80øW. Because only one geostationary satellite was available for this study, solar irradiance and the sum with latent heat flux were limited to 180 ø to 80øW. The period analyzed extended from January 1980 to September 1983. Sections 2 [1979] predicts increasing magnitude of the coefficient with decreasing wind speed. This is confirmed by the observations of Bradley et al. [1989] . The tropical ocean is also characterized by high humidity. The moisture induced buoyancy destabilizes the atmosphere and increases evaporation [Liu, 1988] . Using a conventional and constant transfer coefficient or one that depends only on temperature stratification would lead to large underestimation of the evaporation and the latent heat it carries.
Like any bulk parameterization method, the model of Liu et al. [1979] requires the input of SST, wind speed, and humidity. Spaceborne sensors can measure sea surface temperature and wind speed but not near-surface humidity. They can, however, provide precipitable water (integrated columnar water vapor) measurements. Liu and Niiler [ 1984] found that at the monthly time scale, atmospheric water vapor has a single dominant mode of variability, and nearsurface humidity can be derived from the precipitable water measured by microwave radiometers. Using radiosonde reports over global oceans, Liu [1990] showed that approx- Bates and Gautier, 1989 ]. In the tropical regions, two researchquality in situ data sets were used for the validation: one data set from the three research vessels participating in the GARP Atlantic Tropical Experiment (GATE) [Gautier, 1981] and the other from the Wecoma research vessel during the Tropic Heat Experiment [Gautier, 1988] . In both cases the rootmean-square (rms) difference between the satellite estimates and the in situ measurements was about 15 W/m 2 on a daily time scale. Accuracy for the monthly values is expected to be better as a result of the decorrelation between daily estimates used to calculate the monthly values. The surface solar irradiance values used in this study were derived from observations of the visible infrared spin scan radiometer on GOES-W. [  t  I  ,  [  I  I  t  I  I  x  I  [  t  I  I  I , Significant high correlation is found between anomalous latent heat flux and anomalous OT/Ot over a large area of the equatorial southern ocean where the most intense warm SST anomalies were found, indicating that surface heat flux plays a more important role than was expected in SST change during ENSO episodes. However, the anomalies are deviations only from 2-year means, and the correlations are derived from only one ENSO event. Longer time series including more than one episode may be needed for a more 
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